In all patients, the axial area studied contained lesional and perilesional tissue. In seven unilaterally affected patients, the area studied contained also apparently normal contralateral grey and white matter; in three patients with bilateral but asymmetrical MCD, it contained visually normal and abnormal tissue from both hemispheres. N-acetyl aspartate ⍣ N-acetyl aspartyl glutamate (NAA), creatine ⍣ phosphocreatine Keywords: epilepsy; 1 H-MRSI; human brain; malformations of cortical development Abbreviations: Cho ϭ choline-containing compounds; Cr ϭ creatine ϩ phosphocreatine; FOV ϭ field of view; Glx ϭ glutamate ϩ glutamine; Ins ϭ myo-inositol; MCD ϭ malformations of cortical development; MRSI ϭ magnetic resonance spectroscopic imaging; NAA ϭ N-acetyl aspartate ϩ N-acetyl aspartyl glutamate; PRESS ϭ point-resolved spectroscopy; TE ϭ echo time; TI ϭ inversion time; TR ϭ repetition time
Introduction
Malformations of cortical development (MCD) are increasingly recognized as a cause of epilepsy; they are identified in up to 60% of children and 20% of adults
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(Cr), choline-containing compounds (Cho), glutamate ⍣ glutamine (Glx) and myo-inositol (Ins) were automatically quantified in voxels covering these different regions. Metabolite concentrations were corrected for CSF content and correlated with the grey and white matter of the MRSI voxels. In control subjects, there were significant positive correlations between grey matter content and concentrations of NAA, Glx, Ins and Cr. Compared with a normal range that took grey matter content into account, defined as the control mean ⍨ 2 SD, all lesions but one showed metabolic abnormalities. The most common abnormality was a decrease in NAA, but findings were heterogeneous and there was increased NAA in one lesion. Perilesional tissue was abnormal in eight patients, with increased NAA in three. Tissue contralateral to the main MCD was abnormal in all three patients with bilateral but asymmetrical MCD, and in six of the seven apparently unilaterally affected patients. Spectroscopic grey and white matter abnormalities in patients with MCD exceeded the apparently focal abnormality shown by MRI, indicating widespread abnormalities of cerebral function.
undergoing epilepsy surgery (Palmini et al., 1991a; Raymond et al., 1995) . Results of surgical treatment depend on the extent of the MCD (Palmini et al., 1991b) . Poorer surgical outcome is likely to be the result of MCD being more widespread and extending beyond the visualized lesion Sisodiya, 2000) .
Few proton magnetic resonance spectroscopy studies have been performed in patients with MCD. These studies have been performed on magnetic resonance scanners with high field strengths not commonly used clinically (Kuzniecky et al., 1997) , in single voxels restricting the region investigated (Castillo et al., 1993; Hanefeld et al., 1995; Simone et al., 1999) , with long echo times (TE) restricting the number of measured metabolites (Marsh et al., 1996; Li et al., 1998; Simone et al., 1999) , or using pattern recognition or intensity ratios to discriminate diseased from normal grey and white matter, without absolute metabolite quantitation (Castillo et al., 1993; Kuzniecky et al., 1997; Marsh et al., 1996; Li et al., 1998) .
Metabolite quantitation is particularly important because the common assumptions involved in the use of ratios may not hold true in this patient group. Ratios to creatine can be difficult to interpret even in normals, due to the strong correlation between creatine concentration and grey matter content; in the visibly abnormal tissues of MCD, it is not known whether the creatine content is similar to normal grey or white matter, or neither. Additionally, in the analysis of semi-quantitative data from focal lesions, it is often assumed that the contralateral hemisphere is normal. However, in MCD this is not a safe assumption . The extent of metabolic abnormality beyond the limits of the apparent focal lesion is a particular focus of this study.
The use of short echo times not only improves quantitation by reducing the effects of differential T 2 -weighting of metabolite signals, it also allows the investigation of the distribution of two important metabolic markers: glutamate ϩ glutamine (Glx) and myo-inositol (Ins). Since MCD is often associated with epilepsy, the concentrations of the neurotransmitter glutamate and related compounds are of particular interest, and this is the first study to attempt to estimate the Glx concentration over a wide area in this patient group. Myo-inositol is thought to be largely glial in origin, so an increase in its concentration might reflect glial proliferation (Brand et al., 1993) . Recently, we have reported an elevation in Ins in hippocampal sclerosis (Woermann et al., 1996) .
The aim of this study was to quantitate metabolites in visually abnormal grey matter and adjacent as well as remote apparently normal white and grey matter in patients with partial seizures and MCD, using proton magnetic resonance spectropic imaging ( 1 H-MRSI) with quantitation of metabolites on a 1.5 T MR scanner.
Material and methods Subjects
Ten control subjects (six males, four females; median age 34.5 years, range 20-45 years) and 10 patients with chronic, medically intractable localization-related epilepsy and frontoparietal malformations of cortical development on MRI (six men, four women; median age 43.5 years, range 22-57 years) were investigated using a 1.5 T GE Signa scanner and a standard quadrature head coil (GE, Milwaukee, Wis., USA). Informed consent was obtained from subjects prior to scanning, and the project had the approval of the combined medical ethics committees of the National Hospital for Neurology and Neurosurgery and the Institute of Neurology, London. The age at scanning did not differ significantly between the two groups. Clinical features are summarized in Table 1 .
Structural image acquisition
Studies were performed on a 1.5 T GE Signa scanner using the standard birdcage head coil. Axial T 1 -weighted images were acquired using an IRP-FSPGR (inversion-recoveryprepared fast spoiled gradient echo sequence) [repetition time (TR) ϭ 15.9 ms, TE ϭ 4.2 ms, inversion time (TI) ϭ 450 ms, flip angle 20°, matrix size 256 ϫ 128, field of view (FOV) 28 ϫ 28 cm, 124 slices, slice thickness 1.5 mm, scan time 5 min 47 s].
Spectroscopic image acquisition
Volume-selective, two-dimensional 1 H-MRSI was performed, using the above T 1 -weighted images as scouts, on a 15 mm thick slab superior to the ventricles [point-resolved spectroscopy (PRESS) localization; TE ϭ 30 ms, TR ϭ 3000 ms]. The nominal voxel size was 2.04 cm 3 (24 ϫ 24 phase encode steps over a 28 cm FOV). Scan time was 29 min.
Post-processing
We analysed the data using a locally developed program, which allowed the user to define regions of interest by drawing with a cursor on an axial reference image  Fig. 1 ). In the patients, drawn regions were centred over lesional, perilesional and contralateral apparently normal grey and white matter areas separately, as identified visually on axial T 1 -weighted images. In control subjects, selected spectroscopic imaging voxels were centred over areas with predominately grey or white matter on visual inspection and over areas containing a mixture of both tissues. The program then extracted voxels that were shifted to be aligned with the drawn region for subsequent quantitative analysis. For each voxel, metabolites were quantitated using the frequency-domain fitting routine LCModel calibrated to an external standard (Provencher, 1993) . No T 1 and T 2 corrections were applied as these would be small given the short TE and long TR used.
The three-dimensional T 1 -weighted axial IRP-FSPGR data set was automatically segmented using SPM96 (Wellcome Department of Cognitive Neurology, Institute of Neurology, London, UK) to estimate grey matter, white matter and CSF content (Fig. 2) (Woermann et al., 1999a) . The grey matter, white matter and CSF distribution image slices corresponding to the MRSI slab were extracted, combined and reduced to 1 H-MRSI resolution to estimate the CSF, grey matter and white matter content of each voxel. Each voxel's metabolite concentrations were normalized to 100% brain tissue by multiplying measured metabolites by [1/(1-CSF)] (McLean et al., 2000) . This approach assumed no metabolites in CSF detectable by clinical proton spectroscopy (Lynch et al., 1993) . The individual's metabolite information from voxels overlying the same areas was averaged. Since we have found previously a marked dependence of metabolite concentration on grey matter composition of voxels (McLean et al., 2000) , the metabolites were analysed with grey matter content as a covariant, using ANCOVA (analysis of covariance) in SPSS version 7.
We also produced a chemical-shift-artefact-corrected estimate of the efficiency of the PRESS excitation at each location (McLean et al., 2000) . If the efficiency for any of the metabolites studied was Ͻ95%, the voxel was not included in the analysis.
Results

Control subjects
In individual control subjects, the number of voxels averaged for each region (overlying predominantly grey matter, white matter or areas containing a mixture of both) ranged from two to six voxels. The total number of voxels in the group was 115, of which five had to be rejected on the basis of the PRESS excitation profiles. The mean grey matter content, expressed as the fraction grey/(grey ϩ white), for the grey, white and mixed tissue regions was 0.82 Ϯ 0.09, 0.06 Ϯ 0.03 and 0.31 Ϯ 0.10, respectively (Table 2) .
Displaying metabolite concentration as a function of the grey matter content of the MRSI voxels revealed a positive correlation of all measured metabolites with the grey matter content apart from choline-containing compounds (Cho) [Fig. 3A, aspartate ϩ N-acetyl aspartyl glutamate (NAA)]. Correlation coefficients of metabolite concentration to grey matter content were NAA r 2 ϭ 0.8 (P Ͻ 0.0001), Glx r 2 ϭ 0.84 (P Ͻ 0.0001), Ins r 2 ϭ 0.74 (P Ͻ 0.0001), Cho r 2 ϭ 0.01 (P Ͼ 0.05) and creatine ϩ phosphocreatine (Cr) r 2 ϭ 0.86 (P Ͻ 0.0001). There was a negative correlation between grey matter content and the ratio of NAA to Cr (r 2 ϭ 0.55, P Ͻ 0.0001).
A normal range consisting of the mean concentration Ϯ2 SD of each metabolite was constructed using the correlation curve representing the slope of the above correlations over the whole range of grey/white matter content. The standard error of the intercept [at gm (grey matter) ϭ 0] and the number of controls was used to calculate 2 SD, as indicated by the dotted lines in Fig. 3 .
Patients
Six patients had gyral abnormalities (two of which were bilateral) and four patients had heterotopias, with one patient (D) T 1 -weighted scout image with PRESS region of interest and contained grid elements. (E) Voxels extracted from regions drawn to include a mixture of grey and white matter (5), mostly white matter (6) and mostly grey matter (7). (F) Spectra summed from voxels in the regions drawn in E. NAA ϭ N-acetyl-aspartate; Cr ϭ creatine ϩ phosphocreatine; Cho ϭ choline-containing compounds; Ins ϭ inositol; Glx ϭ glutamate ϩ glutamine. being affected bilaterally. None have been resected at the present time.
In individual patients, the number of voxels overlying each region (lesional, perilesional, contralateral less affected or apparently normal tissue) ranged from one to four voxels. The total number of voxels in the group was 105, of which six had to be rejected on the basis of the PRESS excitation profiles. The mean grey matter content, expressed as the fraction grey/(grey ϩ white), for the lesional, perilesional, contralateral grey and contralateral white regions was 0.55 Ϯ 0.2, 0.12 Ϯ 0.09, 0.58 Ϯ 0.10 and 0.10 Ϯ 0.07, respectively.
ANCOVA tests with grey matter fraction as a covariant were needed to compare control and patient data: ANOVA tests without grey matter as a covariant found P Ͻ 0.001 for all metabolites studied except choline. With grey matter as a covariant, only the ratio NAA/Cr remained highly significant, although NAA and inositol concentrations were also significant at P Ͻ 0.05 (Table 2) . Spectroscopic abnormalities were identified by comparing metabolite concentrations (expressed as a function of grey/ white matter content) in patients with the normal range. Abnormal results of individual metabolites and the ratio NAA/Cr are displayed in Table 3 . Abnormal results of single 
Visually mainly affected gm wm ipsilat to mainly affected gm Visually less affected gm wm ipsilat to less affected gm
ipsilat ϭ ipsilateral; contralat ϭ contralateral; gm ϭ grey matter; wm ϭ white matter; NAA ϭ N-acetyl aspartate; Glx ϭ glutamate ϩ glutamine; Cr ϭ creatine plus phosphocreatine; Cho ϭ choline-containing compounds; NAA/Cr ϭ ratio of NAA and Cr; ↑ ϭ increase; ↓ ϭ decrease; -ϭ no abnormality detected. Abnormality is defined as values outside 2 SD from control mean.
metabolites in individual patients were found in all but one MCD (including all bilateral cases), in all but one of the perilesional regions and in six of seven contralateral apparently normal areas overlying grey or white matter.
Comparing the number of abnormal metabolites, lesional and perilesional tissues were most frequently abnormal, while apparently normal contralateral white matter showed abnormalities to a lesser degree compared with apparently normal grey matter ( Fig. 3B and C) . Decreased NAA was the abnormality most frequently found, but increases in NAA were also seen ( Fig. 3B and  C) . There was no single combination of individual abnormal metabolites that characterized lesional, perilesional or remote tissue.
All three patients with bilateral MCD detected visually had bilateral metabolic abnormalities (Table 3) . NAA was decreased in two patients on the visually more markedly affected side and increased in one case. On the visually less affected side, there were two increases and one decrease of NAA. Four of the seven patients with apparently unilateral MCD had reduced lesional NAA concentrations; two unilaterally affected patients had increased NAA and one had decreased NAA in the perilesional regions.
There was no consistent pattern of results in different forms of MCD. Of the three patients with polymicrogyria, the lesions in two had low NAA and one was unremarkable. The perilesional area was normal in one and two had reduced NAA or a reduced NAA/Cr ratio. Distant grey matter was normal in one, one had increased NAA, Glx and Cr and one had reduced NAA and Cr. Distant white matter had increased Cr in one and reduced NAA in two.
One of the three macrogyrias showed reduced NAA, one increased Glx and one increased NAA and Glx. Perilesional tissue was normal in one, one had increased Glx and one had increased NAA, Glx and Cr. Distant grey matter was normal in one, NAA was increased in one and NAA and Cho were reduced in one. Distant white matter was normal in one, had reduced NAA in one and increased NAA, Glx and Cr in one.
A subependymal nodule had reduced NAA in the lesion, increased NAA in perilesional tissue and distant grey matter, and increased Cr in distant white matter.
Of the three schizencephalic lesions, one had reduced NAA, one had reduced NAA, Glx and Cr and one had increased Cr. Perilesional tissue had increased NAA in one and reduced NAA in two. One of the latter had raised Cr and one reduced Cr. Distant grey matter had elevated NAA and Cr in one, reduced NAA and Cho in one and reduced Glx in Cho in the third. Distant white matter was normal in one, had reduced NAA and Glx in one and reduced Glx and Cho in one.
All in all, a reduction of NAA characterized main lesions in six out of 10 MCD patients. One patient had no lesional metabolic abnormality. Perilesional NAA was significantly increased in three patients but was significantly decreased in three more patients. In seven unilaterally affected patients, 1 H-MRSI voxels covering apparently normal grey matter detected reduced NAA in two patients and increased NAA in another two patients. Apparently normal contralateral white matter was characterized by abnormally low NAA in three of these patients.
Discussion
Using absolute quantitation and short echo time 1 H-MRSI, we demonstrated abnormal absolute metabolite concentrations in MCD, perilesional tissue and brain tissue remote from MCD in patients with localization-related epilepsy. These findings support the concept of widespread abnormalities in patients with apparently focal MCD. Spectroscopic abnormalities do not necessarily represent widespread structural changes as described earlier , but might demonstrate dysfunction. Measurements of individual metabolites were abnormal in some malformations and normal in others, suggesting metabolic heterogeneity in MCD.
Methodological considerations
Compared with single voxel spectroscopy, 1 H-MRSI is a method for collecting spectroscopic data from adjacent voxels covering a large area of brain tissue in a single study. Multidimensional Fourier transformation yields localized spectral data that can be examined in different ways: as single spectra related to individual voxels, as spectral maps or as metabolite images. We chose the absolute quantitation of spectral data from single voxels to avoid the ambiguity of metabolite ratios or of visual assessment of metabolite maps used in other studies (Castillo et al., 1993; Kuzniecky et al., 1997; Marsh et al., 1996; Li et al., 1998) .
Spatial resolution was limited to 2.04 cm 3 to obtain reasonable signal-to-noise in a total scan duration of~60 min (including imaging). Volume-selective two-dimensional 1 H-MRSI was used to avoid unwanted signals from the subcutaneous fat of the scalp. Enclosing a rectangular MRSI slab inside the brain limited the examination of peripheral grey matter. Normal grey matter was usually examined in the medial interhemispheric area. All lateral cortical MCD in this study had components that extended medially and were covered by the spectroscopic slab. As a consequence of these limitations, however, we did not examine 'pure' cerebral cortex adjacent to MCD (Palmini et al., 1995a, b) . It is possible, therefore, that our approach missed the parts of the MCD that were metabolically most abnormal, as these may have been situated more peripherally than the 1 H-MRSI slab. However, 1 H-MRSI with alternative means of lipid suppression was used in patients with MCD to cover peripheral grey matter, but showed similarly heterogeneous metabolite concentrations in MCD compared with our study (Kuzniecky et al., 1997) .
1 H-MRSI offers the unique advantage of allowing adjustment in voxel positioning during post-processing. This is done by phase multiplication prior to the spatial Fourier transform. It is also possible to combine adjacent voxels to replicate, as closely as possible, the shape of a structure before adding the corresponding spectra. We recently demonstrated the feasibility of this approach to clinical 1 H-MRSI and used it in this study to maximize content of one tissue type or another in each region analysed.
Even with high spatial resolution spectroscopy, most spectra will arise from 1 H-MRSI voxels that contain a mixture of grey and white matter and CSF, adding ambiguity to the interpretation of spectral data. To address this problem, automated segmentation of cerebral T 1 -weighted MRI indicated the amounts of CSF, grey matter and white matter in every voxel (Woermann et al., 1999a; McLean et al., 2000) . Measured metabolite concentrations were corrected for CSF content of the voxel, on the basis that CSF contains no MRSI-detectable metabolites (Lynch et al., 1993; Hetherington et al., 1996) . These concentrations were plotted as a function of tissue composition and used to construct a normal range over the whole range of grey and white matter concentrations (Fig. 3) . We used this approach to allow assessment of abnormality in voxels encompassing the whole range of the neocortex, including heterotopic grey matter and cortical malformations.
Results in controls
We found positive correlations between grey matter content of the MRSI voxel and NAA, Cr, Glx and Ins concentrations in controls. There was no significant difference in Cho between voxels containing more grey or white matter. Similar studies combining quantitative proton magnetic resonance spectroscopy and image segmentation have been conducted mainly in control subjects (Doyle et al., 1995; Hetherington et al., 1996; Pan et al., 1998; Wang and Li, 1998; Noworolski et al., 1999; Pfefferbaum et al., 1999) . Although quantitative 1 H-MRSI studies display their results as absolute concentrations, they represent to some degree 'institutional units', due to differences in data acquisition (localization, TE), in standards and in correction for partial volume or for inhomogeneity. This makes the direct comparison of values between studies difficult. However, it is possible to compare grey : white matter ratios of metabolites (Noworolski et al., 1999) , such as in studies that identified spectroscopy voxels overlying grey and white matter visually, i.e. without automatic segmentation and CSF correction (Hetherington et al., 1994; Tedeschi et al., 1995; Soher et al., 1996) . In most control studies, NAA and Cr were found to have higher spectral peaks or concentrations in grey than in white matter. These findings corroborated results from extract studies Petroff et al., 1995) . In some of the MRSI studies that found lower NAA or lower Cr in grey matter, no correction for CSF contamination was made, which most probably explains the low measures in the grey matter (Hetherington et al., 1994; Tedeschi et al., 1995; Soher et al., 1996) . One group, however, using MRSI and correction for CSF demonstrated lower NAA and higher Cr concentration in control grey matter compared with metabolites of white matter (Pan et al., 1998) . Similarly, in some magnetic resonance spectroscopy studies without correction for CSF, Cho was lower in grey than in white matter. In our study, using absolute quantitation and correction for CSF contamination, we found no significant difference between grey and white Cho, which was consistent with other MRSI studies (Doyle et al., 1995; Hetherington et al., 1996) and with extract studies (Petroff et al., 1995) .
Biological and clinical implications
The group analysis of metabolite concentrations with grey matter content as a covariant confirmed findings from earlier studies of decreased NAA/Cr in the region of the malformation (Kuzniecky et al., 1997) , though it suggests that these abnormalities may be more widespread. Quantification allowed us to investigate whether the low NAA/Cr could be due to decreased NAA, increased Cr, or both. Increases in Cr were seen in several patients, but were usually accompanied by increases in NAA. Decreased NAA was the more common finding, and group analysis suggests that NAA showed more significant variation than Cr when the grey matter content of voxels was taken into account (Table 2) . Our results are in agreement with Li et al. (1998) , who found abnormal ratios of NAA/Cr in cerebral areas distant from the visible MCD, but we did not find any clear pattern of metabolic abnormalities in patients with different forms of MCD.
The group analysis also suggested a significant decrease in inositol in the patient groups compared with controls. This appears to be a global effect and the cause is not clear.
In individual MCD in our study, a decrease in NAA was the most frequent finding. This is in keeping with group findings in earlier magnetic resonance spectroscopic findings in vivo and with results in individual MCD patients from these studies (Kuzniecky et al., 1997; Li et al., 1998; Simone et al., 1999) . A recent in vitro magnetic resonance spectroscopy study showed a reduction in NAA in biopsies from MCD (Aasly et al., 1999) . As NAA is believed to be located primarily within neurones (Moffett et al., 1991) , reduced NAA suggests either neuronal loss or dysfunction (Petroff et al., 1995) . The finding of low NAA in an area of increased grey matter distinguishes MCD from hippocampal sclerosis or cortical gliosis, which is characterized by a low NAA and atrophy (Woermann et al., 1999) . Recent longitudinal MRSI studies before and after temporal lobectomy for hippocampal sclerosis have shown postoperative increases of NAA in the unoperated temporal lobe, suggesting that NAA might represent neuronal dysfunction rather than a fixed neuronal loss (Hugg et al., 1996; Cendes et al., 1997) . Low NAA in areas depicted and segmented as grey matter, but considerably disordered on structural imaging, might therefore represent neurones that were abnormal in structure and function. There was, however, no correlation between low NAA and neurological deficit or other clinical features. The abnormally high lesional NAA in two patients with bilateral heterotopic grey matter may represent an increase of neurones in disordered and densely packed grey matter: neuronal density has been described as both increased or normal in MCD (Battaglia et al., 1996) . Further correlative histological studies are needed to evaluate this.
Metabolites other than NAA were more often normal than abnormal in MCD. Lesional measurements of Glx were heterogeneous (two abnormal increases, one abnormal decrease). Glx concentration was positively correlated with grey matter content in control subjects. Normal grey matter has a greater density of synapses than white matter, so its larger metabolic pool perhaps may reflect more active turnover, related to neurotransmission. A recent study has found the rate of incorporation of 13 C-labelled glucose into Glx in grey matter to be almost five times higher than in white matter (Mason et al., 1999) . If the abnormal grey matter in MCD contains less densely packed active synapses than normal grey matter, a lower Glx concentration than in normal grey matter would not be surprising. In a case report, decreased glutamate in MCD was thought to indicate damage, but was hard to interpret in the absence of CSF correction (Hanefeld et al., 1995) . The finding in two subjects of Glx increased above what would be predicted from the grey matter content of the voxels is intriguing. Perhaps the synapses are even more densely packed than in normal grey matter. Another possibility is that the Glx turnover in MCD is even higher than in normal grey matter, perhaps related to epileptogenesis; it is of note that we have shown an increased ipsilateral Glx in patients with temporal lobe epilepsy with no structural abnormality (Woermann et al., 1996) .
In the current study, Cr was increased in three cases of MCD and was decreased in two cases of MCD. This heterogeneous finding supports the decision to use absolute concentrations rather than ratios to screen for abnormalities.
MCD are found to be heterogeneous clinically (Raymond et al., 1994) , electrophysiologically (Rosenow et al., 1998) , pathologically (Battaglia et al., 1996) and on structural, quantitative and functional neuroimaging Richardson et al., 1998) . The in vivo characterization of MCD as the source of seizures, malfunctioning and normal function might be addressed by 'multi modality imaging', involving a range of structural and functional data (Krakow et al., 1999) .
Metabolic abnormalities in white matter surrounding MCD were almost as frequent and as heterogeneous as lesional abnormalities. A small degree of contamination among adjacent voxels due to the imperfect volume selection using MRSI would be expected to contribute to this effect; however, it cannot explain the extent of the perilesional abnormality, which sometimes exceeded that in the lesions. Perilesional increases of NAA might represent microscopic structural abnormalities outside the visible lesion, such as microdysgenesis that is not evident on MRI. Such an abnormality might be expected to give this white matter a metabolite profile that more resembled grey matter: increases in other grey-matter-correlated metabolites (Cr and Glx) were also seen in these perilesional regions. Perilesional decreases of NAA were also common, and always accompanied lesional decreases, suggesting malfunction beyond the visible lesion. Metabolic abnormalities were commonly found in visually normal grey and white matter, contralateral to MCD. These suggest widespread abnormalities of neuronal function or microdysgenesis and may explain why patients with apparently focal MCD are less likely to become seizure-free after surgical removal of the visible lesion than patients with other pathologies . Further studies are needed to determine whether patients with focal MCD and the absence of widespread metabolic abnormality have a better prognosis for seizure remission post-surgically.
Quantitative 1 H-MRSI demonstrated abnormalities beyond macroscopic MCD in areas normal on visual MRI inspection. The method may therefore also be useful in the evaluation of MRI-negative epilepsies, to identify focal abnormalities that may underlie epileptic foci and occult MCD. Such studies will be particularly useful with the advent of multislice 1 H-MRSI, which will give greater coverage of the brain.
